In 19 11 the Goo logical Survey of Georgia published as Bulletin 26 a "Preliminary report on the geology of the Coastal Plain of Georgia," by Otto Veatch and Lloyd William Stephenson, prepared in cooperation with the United State;;; Geological Survey under the 9Upervision ofT. Wayland Vaughan, geologist in charge of Coastal Plain investigations, who contributed the determinations of the invertebrate fossils of the Tertiary and Quaternary formations. Although this report constituted a decided advance in our knowledge of the geology of the Coastal Plain of Georgia, it was admittedly of reconnaissance character, and corrections and additions to it were to be &Xpected. During the last few years field work has been prosecuted vigorously in the Coastal Plain of Georgia, and the additional information thus accumulated throws light upon certain problems of stratigraphy left unsolved by Veatch and Stephenson and alters considerably some of their correlations. The object of the present paper is to present the new evidence regarding the age and correlation of the Eocene formations of Georgia and to revise in accordance with present knowledge the descriptions of the deposits of Claiborne and Jackson age.
SUMMARY OF EOCENE AND LOWER OLIGOCENE
FORMATIONS AS KNOWN TO 1911. The chapters on the Eocene and lower Oligocene formations in the Coastal Plain report will be briefly summarized. Veatch and Stephenson recognized the following formations:
: The Midway and Wilcox formations are confined to the region west of Perry, Houston County. East of Perry both formations are overlapped by younger strata.
The McBean formation of Veatch and Stephenson consists mainly of clays in the nature of fuller's earth, of marls, sandy limestones, and calcareous glauconitic sands. An extensive marine fauna containing many characteristic lower Claiborne mollusks occurs in the marls on McBean Creek, Burke County, and also in the lower part of Shell Bluff on Savannah River. A aeries of fuller's earth grading into calcareous clay whi~h is exposed at short intervals from Grovetown, Columbia County, southwestward along the Fall Line to Bibb and Twiggs counties, was correlated on lithologic grounds with Sloan's Congaree "phase" of the South Carolina Eocene and designated the "Congaree clay member of the McBean formation."
The Barnwell sand, correlated with Sloan's . Barnwell "phase" in South Carolina, consists largely pf unconsolidated red and varicolored sands, with some indurated beds of gray sandstone and lumps of silicified limestone or flint. They stated that it overlies directly the McBean formation and is in contact with both the marls and the "Congaree" clay member of that formation, but the nature of the contact had not been satisfactorily determined. In places the Barnwell overlaps the McBean formation and rests directly upon the Lower Cretaceous. It carries a marine fauna which contains a number of species in common with the Gosport sand of Alabama (upper Claiborne) and was correlated with that formation.
The Jackson formation as originally mapped by Veatch and Stephenson included a smaU patch on Chattahoochee River, a small outlier on the Cretaceous at Rich Hill, Crawford County, and a long, narrow area running from a point about 8 miles southwest of Sandersville to a point 6 miles east of Montezuma. _ On 41 42 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1918. the map accompanying the report on the ground waters of tne Coastal Plain of Georgia by the same authors 1 this area was extended into southwestern Sumter County.
The Vicksburg formation of Veatch and Stephenson included besides strata of true Vicksburg age the great mass of limestone underlying the lower drainage basin of Flint and Chattahoochee rivers and forming the northern extension of the Ocala limestone of Florida.
RECENT INVESTIGATIONS AND THE INCEPTION
OF THE PRESENT WORK.
The recent discovery that the Ocala limestone is of Jackson age 2 has largely increased the known areal extent of the deposits of that aga, at the expense of the Vicksburg formation. The area of deposits of Jackson age has been further extended by Brantly/ to include most of those parts of Wilkinson and Twiggs counties formerly mapped as Claiborne. Brantly also expressed the opinion that th6 "Congaree" clay of previous reports seems to be the continuation of the Jackson limestone and fuller's earth of Houston County. 4 The same opinion concerning the stratigraphic relations of the "Congaree" clay was reached by H. K. Shearer, assistant State geologist, in the course of field . investigations of the fuller's earth deposits of Georgia, 5 but as the published .correlation of the "Congaree" clay with the Claiborne group seemed to be supported by as good paleontologic evidence as the correlation of the limestone with the Jackson, he was uncertain to which epoch the fuller's earth deposits properly belong.
At the request of Prof. S. W. McCallie, State geologist of Georgia, C. Wythe Cooke was assigned by the United States Geological Survey to accompany~· Shearer over the field, with the object of reconciling the discrepancies between the apparent stratigraphic relations of the deposits in eastern and central Georgia as determined by Messrs. Brantly and Shearer and the ages indicated by previously published lists. of fossils.
Field work was done by the writers jointly from March 20 to April 19, 1916 , and during that time all the most significant known exposures of Eocene strata in the region between. Flint and Savannah rivers were visited and collections of fossils were made wherever· possible.
The succeeding fortnight was spent by Mr. Cooke in visiting the type localities of the South Carolinian Eocene for the purpose of determin-· ing the propriety of applying the names · Congaree and Barnwell to geologic formations in. Georgia. Mr. Shearer subsequently examined. the Claiborne deposits in Georgia west of Flint. River. The results of Mr. Cooke's previous. (1914) studies of the Ocala limestone are also· incorporated in this paper.
The writers are indebted to Prof. E. W .. Berry, of Johns Hopkins University, and to· Dr. R. S. Bassler, of the National Museum, for reports on the plant remains and Bryozoa, respectively, and to Dr. Joseph A. Cushman for identifications of the Foraminifera. The other fossils collected in the course of thisinvestigation have been identified by Mr. Cooke, who has also had the privilege of ex--amining the collections in the National Museum upon which were based the correlations pub--lished in the preliminary report on the geology· of the Coastal Plain of Georgia. The present . . paper was prepared under the direction of T. Wayland Vaughan, geologist in charge of Coastal Plain investigations of the United States Geological Survey, who has given it . continuous peraonal attention and has madea number of suggestions that have been adopted_ by the writers.
Many of the mollusks in this list occur in both Claiborne and Jackson deposits, but Ficus filius, Leda mater, Leda regina-jacksonis, ·ostrea trigonalis, Meretrix securiformis, and
Protocardia nicolleti are particularly characteristic of the Jackson and are rare or unknown in older beds. M esalia vetusta, which had been previously thought to be confined to the upper Claiborne (Gosport greensand horizon), has recently been found at the base of the Jackson formation at Sims, Yazoo County, Miss.
Basilosaurus cetoides, the zeuglodon, which occurs .in bed 4, is so far as known confined to the Jackson, and in most places is most abundant near the top.
According to R. S. Bassler, the Bryozoa in bed 5 constitute a fauna peculiar to the middle Jackson. The same fauna occurs at Rich Hill, Crawford County, and numerous other localities in central Georgia and will be referred to for convenience as the Rich Hill faci'es of the Jackson fauna.
The fuller's earth of bed 6, a greenish hackly clay of low specific gravity, resembles the beds exposed at numerous localities in central and eastern Georgia and referred by Veatch and Stephe son to the "Congaree" clay member of the cBean formation.
The ed sand at the top of the section was correlat d by Veatch and Stephenson with the Ba nwell sand, and the underlying beds were pi ced doubtfully with the McBean formation.
Certa"n problems in stratigraphy, which the · authors cited were unable to explain under the su position that the strata near Dry Branch are of Claiborne age, vanish immediately w en it is discovered that the deposits are of ackson age. For instance, they say: 3 Accord ng to Dr. Vaughan the evidence of the fossils shows th t Jackson strata occur near the mines of the Georgia aolin Co., 2 miles southeast of Dry Branch. There is n ~xposure of 15 feet of soft white argillaceous marl in a small ravine one-half mile southeast of the clayworking lant, which contains Bryozoa and other fossils and is si ilar lithologically to the marl at Rich Hill. It lies 10 t 15 feet above the white clay beds of the Cretaceous a d is overlain by 125 feet of bluish or drab laminated sa dy clay and red sand, the clay containing thin slabs of q artzite or sandstone. In this vicinity Claiborne fossilifer us strata occur at both higher and lower levels than thi marl, and the presence of Jackson beds in this 2 Veatch, Otto, and Stephenson, L. W., Geology of the Coastal Plain of Georgia: Georgia Geol. Survey Bull. 26, p. 256, 1911. a Idem, . S04. · 44 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1918. position implies either a deep erosion unconformity between the two formations or a flexure. Exposures in this vicinity, so far as they have been examined, afforded no evidence of an unconformity or of any faulting or folding of the beds. Further detailed field work is necessary to solve this problem of stratigraphy.
The problem has been solved by the discovery that• the beds higher and lower than the marl are Jackson and not Claiborne.
SOUTH OF PERRY.
Other localities which presented difficulties to Veatch and Stephenson are Mossy Hill and Ross Hill, in Houston County. These hills are a few miles apart on the escarpment south of Mill and Flat creeks, which extends northeastward, approximately parallel to the general strike of the formations of the Coastal Plain in this part of the State. Ross Hill is crossed on the road from Perry to Elko, 3 miles south of Perry, and Mossy Hill lies on the National Highway (the road from Perry to Henderson) about 5.7 miles southwest of Perry.
The entire section at Ross Hill, with the exception of 10 feet at the top, was referred by Veatch and Stephenson to the Jackson formation,. and this correlation was supported by lists of fossils identified by Vaughan. The following section measured by the writers is in essen tip] agreement with that of Veatch and Stephenson. 1 The base of the section is 25 feet above Mill Creek.
The following section was measured in a gully on Ross Hill about 300 yards west of the Perry-Elko road. The top of the hill here is probably 40 feet or more higher than at the road. The base of the section is by barometer 40 feet above the bridge over Mill Creek.
Section on Ross Hill 300 yards west of Perry-Elko road. Oligocene(?):
Vicksburg formation (?): Feet. 14. Red sand with "buckshot" ferruginous lumps. Bed 4 is particularly significant in that it shows the presence of Turritella carinata and Mesalia vetusta, which were considered by Vaughan to be diagnostic upper Claiborne fossils, well above the base of the deposits of Jackson age.
The geologic conditions at Mossy Hill appear to be similar to those at Ross Hill, but the exposures are less complete. The following section, exposed in and near an old quarry about 100 yards east of the National Highway, extends from a gully below the quarry to a level bench on the road. The st atmn immediately below the bed from, whi h these species were oollected contains Bry zoa which R. S. Bassler refers to the horizo of the deposits of Jackson age at Baldock, . C. The stratum in the quarry from whi h the fossils were collected seems to be ide tical with bed 4 of the section on Ross Hill west of the Perry-Elko road. Not only are he species, so far as they oan be identified, the same, but the rooks in which they are mbedded look alike, and the sections bot above and below the fossiliferous zone are imilar. Moreover, the topographic relations f the two localities are such as to indicate t at the beds at both are at the same horizon, rovided, of course, that there are no struct ral disturbances, of which there is no eviden e.
In the oastal Plain report 1 It will e noted that the only species ohe<~ked as not kn wn from the Jackson are Turritella carinata, l.esalia vetusta, and Phacoides alveatus. The first and second have since been found in he beds of Jackson age at Ross Hill, and the s ond and third at the mine of the Georgia One of the undetermined sp ies of Leda listed occurs also at the latter pla e. This does indeed look like a Claiborne fauna, and with the data then available Vaughan was perfectly justified in referring these fossils to the Claiborne group; but, as we shall see later, nearly all the species checked have since been found associated with Jackson fossils. The exception to these is P~eropsis Zapidosa, which elsewhere seems to be confined to the lower Claiborne. As this collection of fossils apparently is not now in the National Museum, the identifications of the species could not be checked nor could the matrix be examined to ascertain whether there had been accidental mixture of specimens from different localities.
There is some uncertainty as to the locality at which the fossils ascribed to Mossy Hill were obtained. According to Veatch and Stephenson/ Mossy Hill is on the Perry-Elko road 4! miles south of Perry, a location corresponding nearly wi~h that of Ross Hill. However, as there seems to be little doubt that the horizon is the same as that from which the writers obtained Turritella carinata and Mesalia vetusta, the exact locality is of no particular importance.
VICINITY OF GIBSON.
A collection made by the writers from sandstone ledges exposed on the hillside east of Rocky Comfort Creek, on the Brassell property, 2 miles northeast of Gibson, Glascock 1 Op. cit., p. 258. County, shows the presence in Georgia of a fauna not previously recognized east of Arkansas. The fossils are preserved in the form of hollow molds or siliceous pseudomorphs, some of which have weathered out of the sandy matrix. The rock, which is an indurated facies of the basal sand bed of the Eocene that is of widespread distribution in this part of the State, is exposed to a thickness of 3 or 4 feet but probably extends somewhat deeper. It lies not far above the Cretaceous, but the contact is not exposed here. The fossils collected are enumerated in the accompanying list, in which the initials C and J signify that the species so marked occur elsewhere in Claiborne and Jackso.n deposits, ~espectively.
To this list should be added the following, which were obtained with other fossils from the same horizon at station 7711, on the east This fauna, which occurs within 15 Jeet of the Eocene-Cretaceous unconformity, bears a remarkably close resemblance to that occurring at White Bluff and Crowleys Ridge, Ark., which was formerly referred to the Claiborne group but is now correlated with the lower Jackson. It is rather surprising to encounter such species as Levjfusus branneri, Murex · rnarksi, and Turritella clevelandia, which are typical of the Jackson deposits in Arkansas, so far east of their previously known range; but their presence, as well as the general aspect of the fauna, is good evidence that the beds containing them occupy approximately the same stratigraphic position. The presence of Astrhelia burnsi, Ficus filius, Natica perm1,knda, Leda regina-jacksonis, and Corbula wailesiana affords strong additional evidence that the deposits are of Jackson age.
It will be noted that this list, which is much more comprehensive · than any previously compiled from this region, contains nearly all the species that were considered by Vaughan to be diagnostic of the upper Claiborne. There are, in addition, a few species that are abundant at this horizon in Georgia but have not yet been found elsewhere. Among these may be mentioned Psilocochlis mccalliei and an undescribed species of Pecten which has hitherto been confused with Pecten wilcoxii and P. wahtubbeanus. 
I Stephenson, L. W., and Crider, A. F., Geology and ground waters of northeastern Arkansas: U.S. Geol. Survey Water-Supply Paper 399, pp. 73-84, 1916. Stratum 3 of the section consists of a discontinuous ledge of sandstone which in places is reduced to lumps embedded in incoherent sand. It contains casts of mollusks, including Pecten n. sp. Bed 6 is also unequally indurated but is more persistent than bed 3. It carries P eriarchus pileus-sinensis and other fossils. Beds 3 to 6 are equivalent to the hard rock on Browns Mountain, half a mile away.
The following lists enumerate the species collected in this vicinity: 
LITTLE KEG CREEK.
A large collection of fossils that is especially interestinO' because it shows the intimate 0 relationships of the Claiborne and Jackson faunas was obtained on the east side of Little Keg Creek, 7 miles north-northwest of Sandersville. Without the knowledge of the extended range of certain species acquired since the publication of the report on the Coastal Plain of Georgia, this assemblage of forms would have been unhesitatingly referred to the upper Claiborne. As it stands, the numerical .proportions of Claiborne and Jackson species recognized are practically the same, and the discovery of one or two additional species might turn the scale to one side or the other. When the numerical evidence is inconclusive in determining the age . of a fauna, the philosophic course appears to be to attribute greater siO'ni:fi.cance to the initial appearance of new fo~ms than to the survival of old species. According to this reasoning the fauna at Keg Creek is lower Jacksonian, and it is so considered in this report. · Moreover, this correlation is in accordancJ with that deduced from other stratigraphic criteria. , 
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The fossils in the following list were collected from the base of bed 2, which is a local pocket filling a hollow in the Cretaceous surface. So far as known, exposures of the McBean formation in Georgia are confined to Richmond and Burke counties, forming a narrow strip along Savannah River north of Griffin's Landing, 16 miles below Shell Bluff, and covering the southern half of Richmond County in and north of the valley of McBean Creek. In general, the formation is too thickly covered by younger strata to have exerted much influence on the topography, but along the streams in the southern part of the area the harder ledges of limestone form prominent bluffs. No irregularities have been ·detected in the structure of the McBean formation. The upper surface of the forn1ation sl.opes evenly seaward at the rate of about 10 feet to the mile, and the underlying beds evidently have a slightly steeper dip.
UNDIFFERENTIATED CLAIBORNE DEPOSITS.
The Claiborne deposits in western Georgia are best exposed in the bluff on Chattahoochee River at Fort Gaines and in the Danville Ferry bluff on Flint River, 16! miles east of Americus. In the intermediate region the formation is thin and poorly exposed. Along Chattahoochee River Langdon 1, distinguished a lower "buhrstone" and an upper calcareous member of the Claiborne, but the division has not been recognized farther east.
Between 'Flint and Chattahoochee rivers the Claiborne rests upon the Wilcox formation, from which it is separated by an erosion unconformity, which has been observed at Fort Gaines and at Cuthbert. The Claiborne deposits are overlain unconformably by red argillaceous sand of undetermined age, which greatly resembles contiguous beds in the Claiborne and is with difficulty distinguished from them.
DEPOSITS OF JACKSON AGE. FORMATIONS INCLUDED.
Two forn1ations of Jackson age occur m Georgia-the Barnwell formation, including the Twiggs clay member, and the Ocala limestone, including the Tivola tongue. These are partly_ equivalent in age but are very different in lithology and present different faunal facies.
The Ocala limestone underlies a large part of Florida and southern Alabama and a considerable area in the southwester_ n part of Georgia. The Barnwell formation extends from Houston County, Ga., beyond Savannah River an unknown distance into South Carolina.
The Ocala limestone and the Barnwell formation interfinger and merge laterally into each other, but an arbitrary line drawn at the DoolyHouston county line delimits fairly well the main bodies of the formations. However, the Twiggs clay member of the Barnwell formation extends southward a short distance into the Ooala area and a bed of bryozoan-bearing limestone, which will be referred to as the Tivola. tongue of the Ocala limestone, projects as far north as Rich Hill, Crawford County, and forn1s an important horizon marker near the base of the Barnwell formation in Houston, Twiggs, and adjacent counties. succeeded by calcareous beds containing in their lower portion large numbers of Ostrea georgiana, these beds in turn being overlain by red sands, the typical Barn.well Mr. Vaughan informs the present writers buhr sand of Sloan.
that he made a trip with Mr. Sloan into BarnInasmuch as the name Barnwell, as used by well County, S. C., for the special purpose of Veatch and Stephenson, was restricted to devisiting the type locality of the Barnwell forma-posits composed almost entirely of sand, they tion, and that he incorporated the results of employed the appropriate formational name observations made at that time in the follow-Barnwell sand. For this is substituted, in the ing paragraph in the report by Veatch and present paper, the name Barnwell formation, Stephenson:
1 which is applied to a less homogeneous comMr. Earle Sloan2 has used the name Barnwell "buhr posite of materials, including, in addition to the sands" or Barnwell "phase" for red ferruginous sands Barnwell sand of Veatch and Stephenson, their ~hat i.mmediately overlie the McBean formation as de~~d j so-called '' Congaree" clay and the Ostrea m this report. The type area of the Barnwell sand IBm georgiana zone of their McBean formation.
Barnwell County, S. C., where its stratigraphic position is as stated. Sloan, who has also studied the area in Georgia adjacent to Savannah River, states that the Barnwell ' 'phase " is represented by the sands that overlie the fossiliferous marls of Shell Bluff. As there are sands of lower stratigraphic position but very sinrilar in appearance to the Barnwell, Sloan, in several instances, confused the lower horizon with his Barnwell. A notable instance of this confusion is seen in his referring to the Barnwell the fossiliferous sands near Hixon's bridge on Tinker's Creek. 3 The horizon of the fossils of this exposure is far down in the McBean formation. However, it is evident that Sloan intended this name to apply to the red ferruginous sands of the upper horizon and not to those of the lower. H e has orally given the information that he has found TurritellacarinataLeain the Barnwell sand in Barnwell County, S. C., and he is positive in his opinion that in the type area there is similarity in stratigraphic position and in both lithologic and faunal characters with the fossiliferous red ferruginous sands overlying the McBean formation in Burke County, Ga.
Although no specific locality is mentioned by Sloan in either of his papers cited as the type of his "Barnwell buhr sands," it is evident that he had in mind the higher horizon which " irregularly overlaps the upper margin of the Santee marls." 4 The stratigraphic succession in western South Carolina, according to V aughan, 5 is as follows:
At the base are silicified clays, fuller's earth, the Congaree shales of Sloan; these are overlain by glauconitic sandy marls, locally with silicified shells and . buhr rock, and calcareous beds, the Cawcaw shales and marls of Sloan, which are equivalent to his Warley Hill marl, Santee marl, and Mount Hope marl of the Santee area and which are 1 Geology of the Coastal Plain of Georgia, p. 285, 1911. 2 Handbook of South Carolina, pp. 86, 90, Columbia, S. C., Dept. Agr ., Commerce, and Immigration, 1917; Catalogue of the mineral localities of South Carolina, pp. 449, 460, South Carolina Geol. Survey, 1908. 3 Catalogue of the mineral localities of South Carolina, pp. 268, 460. 4 Handbook of South Carolina, p. 90. 6 Index to the stratigraphy of North America: U. S. Geol. Survey Prof. Paper 71, p. 737, 1912 .
TWIGGS CLAY MEMBER.
Extensive deposits of fuller's earth grading into calcareous clay of similar properties, which Veatch and Stephenson regarded as forming part of the :McBean formation and which they designated the ' ' Congaree cia y mem her of the McBean formation," have been found to occupy a much higher stratigraphic position than the Congaree shales of Sloan in South Carolina, with which they were correlated but which underlie the South Carolina equivalents of the McBean forma tion3 and to be of Jackson age. These deposits are characteristically developed in Twiggs County, and for that reason they are here named Twiggs clay member. Exposures near Pikes Peak station, on the Macon, Dublin & Savannah Railroad, are regarded as typic a 1. The Twiggs cia y is treated here as a member of the Barnwell forma.tion.
STRATIGRAPHIC RELATIONS.
In the Mississippi embayment, according to Berry, 6 the last third of Claiborne time was " marked by a greater or less emergence of land, which was followed at the beginning of Jackson time by a pronounced transgression of the sea. Similar conditions appear to have prevailed in Georgia east of Flint River. The recession during late Claiborne time in Georgia is more or less conjectural, but the theory of transgression in Jackson time is supported by unequivocal evidence. The Jackson sea crept far inland up the drowned valleys of the old Claiborne land area, across the beveled edges of the lower Eocene and Cretaceous strata, until its waves beat in places upon the crys-becomes calcareous and merges into limestones talline rocks of the Piedmont. The transgres-of the Ocala, and in the east, where it merges sion of the sea that took place during Barnwell into marl and oyster-shell beds of the Barnwell time appears to have been followed, in eastern formation. Along the northern margin of the Georgia, at least, by a slight emergence of the outcrops the clay member is overlain with land which thrust back the Vicksburg shore slight unconformity by red sands that apparline. At a subsequent period, perhaps dur-ently belong also to the Barnwell formation. ing the Miocene epoch, the sea again ad-This unconformity is exposed at Pikes Peak and vanced but did not attain its former maxi-Grovetown, but it evidently represents a withmum extent. drawal of the sea for only a short distance and The Barnwell formation rests with at least local unconformity upon the McBean formation or, where that is absent, unconformably upon older strata. The relations of the Barnwell formation to the overlying strata are less obvious. On account of the similarity in appearance of much of the Barnwell to younger deposits of various ages, it is in many places difficult to distinguish between them or to be certain of the identity of the overlying formation.
The Twiggs clay member occupies a position at the base and n~ar the landward margin of the Barnwell formation. Although the conditions of deposition were such that the fuller's earth and clays of similar character occur as lenses and discontinuous beds, exposures are for a short period of time, because farther south the clay member is conformable with the remainder of the Barnwell formation. In the regions north and also east of Wilkinson County, where the Ocala limestone is absent, the clay rests directly upon the surface of the Lower Cretaceous or is separated fromit by only a thin bed of sand; at a few places lobes of the clay member overlap the Cretaceous beds entirely and rest upon the crystalline rocks of the P iedmont area. The most notable of these overlaps are at Roberts and Grovetown.
The Barnwell formation appears to have been laid down at nearly the same time as the Ocala limestone but in a part of the sea supplied more abundantly with sand and mud, and s. 15 Miles
FIGuRE 9.-Section from Rich Hill, Crawford County, to the mouth of Gum Creek, Crisp County, Ga.
abundant in a belt extendingfromDoolyCounty the lateral transition from the siliceous sedito Columbia County, more than halfway across ments of the Barnwell to the limestones of the the State. The mode of origin of the Twiggs Ocala is gradual. The Tivola tongue of the clay and the agencies that produced its peculiar Ocala limestone, which intrudes far into the physical properties are not clearly understood, main area of the Barnwell, represents a ternbut its situation indicates that it may have been porary invasion of the calcareous phase of deformed in long, narrow lagoons or bays to which position beyond its usual limits. The supposed coarse sediments had only occasional access but relations between the Barnwell formation and which appear to have had free cornmunication the Ocala hmestone are shown in the accomwith theopenseain the southwest, where the clay panying diagram ( fig. 8 ) and section ( fig. 9 ).
·At the base of the-Barnwell formation along S~vannah River is a -bed of impure limestone or ·marl that contains large numbers of shells of Ostrea georgiana Conrad, a huge oyster, some specimens of which attained a length of nearly 2 feet. This species appears in eastern Georgia to be restricted to the lower part of the Barnwell formation. The Ostrea georgiana zone has been traced .for miles into South Carolina, and it seems probable that this zone represents a tongue of the Cooper marl of South Carolina and that it is continuous beneath the cover of younger deposits in southeastern Georgia with the Ocala limestone of Georgia and Florida. Local oyster beds that app~ar to oecupy the same stratigraphic position as the bed on Savannah River have been seen as far west as Danville. · LITHOLOGIC CHARACTER.
The greater part of the Barnwell formation is sandy,' comprising widespread deposits of coarse brilliant-red sand which appears to derive its color from weathered glauconite, together with locally indurated beds of gray sandstone which in places approaches quartzite in texture, and basal conglomerates resembling the gravels of the Pleistocene terraces. The sand in many localities incloses masses of flint, many of which are fossiliferous and appear to represent the silicified remnants of lin1estone lenses. Some of the flint is in scattered lumps, but most of it is restricted to well-defined zones.
. The Twiggs clay member of the Barnwell consists typically of greenish-gray siliceous clay of low specific gravity, not plastic but breaking with a hackly fracture and exhibiting all the properties of fuller's earth. The fuller's earth grades laterally into calcareous clay of similar appearance and properties and thence into argillaceous limestone. Some of the clay is free from grit, but most of it is interbedded with thin layers of sand.
At places where the fuller's earth was ·not . deposited and north of the limit of clay deposition beds of yellowish-green glauconitic sand extend to the base of the Barnwell formation. Near the base of the formation are local beds of lignite: shaly aluminous sandstone, quartzite, and completely silicified sandy limestone.
THI9KNESS.
In eastern Georgia the thickness of the Barnwell formation has not been accurately determined, because the contact with the overlying formations is uncertain. In the Shell Bluff section 65 feet belong to this formation. At Louisville, whichisabout 10milesfrom the CretaceousBarnwell contact, 100 feet of beds referred to the Barnwell formation are exposed from Rocky Comfort Creek up to the level of the town. In a deep well near Louisville the top of the Cretaceous is thought to have been reached at a depth of about 350 feet/ but this thickness probably includes some Claiborne strata in addition to the Barnwell formation. The available ovidence does not indicate a thickness greater than 200 feet for the Barnwell formation in eastern Georgia, and it may be considerably less.
In Twiggs County the beds referred to the · Barnwell formation extend from. the surface of the Lower Cretaceous in the Dry Branch kaolin mines, at an altitude of 400 feet above sea level, to the tops of the higher hills in the vicinity of Pikes Peak, at an altitude of 625 feet. The formation is little more than 200 feet thick.
In Houston County, as the Tivola tongue of the Ocala limestone thickens the Barn well formation becomes thinner, and only about 100 feet of the Ross Hill section may be referred to it.
The Twiggs clay member attains its maximum thickness near Pikes Peak in Twiggs County, where fuller's earth occurs at two distinct horizons separated by a bed of greenish fossiliferous sand, the whole being 100 feet thick. In Houston County the 100 . feet of fuller's earth, calcareous clay, and sand of the Barnwell formation may be considered as belonging almost entirely to the Twiggs clay member. South of these counties the clay becomes thinner as the underlying Tivola tongue of the Ocalb. limestone thickens. To the northeast, also, the Twiggs clay beco:m:es thinner along the strike, and at few places in Jefferson and Columbia counties is it as thick as 20 feet.
PALEONTOLOGIC CHARACTER .
The fauna of the Barnwell formation has already been discussed at some length (pp. 42-49). In general terms, it is an assemblage of shallowwater or littoral species which inherited many elements from the preceding upper Claiborne or Gosport fauna but which includes a number of species not known from older deposits. second modifying factor is that the bulk of the known Clai-
The Twiggs clay member of the Barnwell borne florais found in the upper Claiborne and that this · upper Claiborne flora is but slightly modified in passing formation has yielded a small flora which as-over into the Jackson.
· sists 1n correlating isolated exposures of the It should not be overlooked that 10 species, formation with one another but which presents or 38 per cent of the total number, have not inconclusive evidence for determining the age yet been found elsewhere and that subsequent of the deposits because the floras of the upper collecting may change the relative proportions Claiborne and lower Jackson are very similar. of Claiborne and Jackson species. The 26 As originally described by Berry/ the flora · species of plants known to science out of the included only 17 species of plants, all of the~ hundreds that must have existed at the same new, but recent collections have increased the tiine form so insignificant a part of the flora total to 26, and most of them have since been that they ought not to be considered as necesdiscovered elsewhere. The following list wi~h sarily representative of the whole. :Moreover, comments has been furnished by Prof. Berryt as pointed out by Ulrich,2 paleobotanists are 
AREAL DISTRIBUTION.
The Barnwell formation extends in a broad belt fron1 Savannah River nearly to Flint River, but in the western half of this belt, the area lying west of Oconee River, the formation is intermediate in character between the typical Barnwell and the Ocala limestone, merging into the Ocala toward the south, or seaward, and toward the southwest. In the description by colinties the southwestern boundary of the formation is arbitrarily placed at the HoustonDooly county line, although the Twiggs clay member and perhaps also some of the overlying red sands extend for some distance south of this line, and a wedge of bryozoan-bearing limestone (the Tivola tongue of the Ocala limestone) projects into the Barnwell formation in Houston, Twiggs, and adjacent counties, and forn1s an important horizon marker near the base of the formation. (See map, Pl. VII, and section, fig. 8 .)
The Barnwell formation occupies considerable areas in Burke, Richmond, Jefferson, Glascock, Washington, Wilkinson, Twiggs, and I-Iouston counties and smaller parts of adjacent counties. The northern boundary is very irregular, the plain forming the surface of the formation having been deeply dissected by streams that have cut their valleys down into the Cretaceous strata, leaving promontories and erosional outliers of the Barnwell in the interstream areas. The southern boundary is likewise irregular, but in reverse order, having long salients extending down the river valleys.
The Twiggs clay member in eastern Georgia is confined chiefly to the northern edge of the area occupied by the Barnwell formation, but toward the west its outcrop widens until it practically coincides with that of the formation as a whole. It is characteristically developed near Grovetown, Columbia County, and outcrops have been noted at short intervals from that locality to Rich Hill, in Crawford County.
The unconsolidated sands of the Barnwell formation have yielded readily to erosional agencies and, especially along the fall line, have been deeply trenched. The harder sandstones have resisted better and in a few places, as at Browns Mountain, form hills of considerable height. In most places the Twiggs clay member is overlain by beds of sand, but where not so protected it shows a tendency to form barren "washes" or grassy s: lopes. · STRUCTURE.
The Barnwell formation strikes approximately northeastward . .
From exposures along the Macon-Perry road (National Highway) in Houston County the slope of the Cretaceous surface is estimated at more than 12 feet but not more than 20 feet to the mile. The dip of the Barnwell formation is a little less than that of the surface upon which it lies and is probably about 10 feet to the mile.
In Twiggs County the slope of the upland plain is 9 feet to the mile measured. parallel to the Macon, Dublin & Savannah Railroad from Pikes Peak to Danville (southeast). The dii> of the Barnwell formation, · which is a little steeper than the slope of the plain, is probably between 10 and 15 feet to the mile.
In the eastern part of the State the upper surface of the Lower :Cretaceous beds is very irregular, and the dip can not be stated with certainty. The base of the Barnwell formation in this region slopes from 500 feet above sea level at Grovetown to 80 feet at Griffin's. Landing, a fall of 420 feet in 36 miles, or a little more than 11 feet to the mile toward. the southeast.
Except for the slight tilt toward the southeast the beds of the Barnwell formation are practically undisturbed. The only indication of later movements detected is a local anticline, cut through by the railroad at Pikes Peak, in which the limbs dip 4 ° SE. and.
3° NW.
OCALA LIMESTONE. NAME.
In 1892 Dall 1 applied the name Ocala to limestone deposits exposed in the vicinity of Ocala, Marion County, Fla., and some years later the same author described a number of species of mollusks from the Ocala limestone and published a ·partial list of the species found in it.
2
This fauna was first recognized in Georgia by Vaughan, 3 who correlated the outcrops of limestone in Flint River near Bainbridge with the Ocala "zone," and the: name Ocala limestone was recently employed. by Cooke 4 in referring to the same deposits.
The Ocala limestone as defined in this report includes the greater part of the ·vicksburg formation of Veatch and Stephenson 5 as well as most of the Jackson formation of the same authors. The Tivola tongue of the Ocala limestone is typically exposed at the quarry of the Planters Limestone Co., 2 The relations of the Ocala limestone to both the underlying and the overlying formations :are imperfectly known. At its northeastern limits the formation overhips upon older strata (see fig. 8 , p. 53), and similar conditions may prevail toward the west, but whether the overlap extends all the way to Chattahoochee River is uncertain. At any rate, the Claiborne deposits are not completely overlapped in the west, as in central Georgia.
The Ocala limestone is overlain by the Vicksburg formation, but the Vicksburg has been eroded so much that its original relations to the Ocala are very obscure. Where the two formations have been observed in contact :no evidence of physical break in sedimentation between them has been detected. In the ·vicinity of Bainbridge the upper surface of -the Ocala is exceedingly irregular, having suffered considerably from degradational agenies, but how much this unevenness is due t o · solution and disintegration of comparatively recent date or to what extent it antedates -the deposition of the overlying beds is at pres-· ent unknown. The Vicksburg in this region is apparently represented. mostly by scattered lumps of residual flint, the main overlying -formation belonging to the Apalachicola group. The following note is introduced through the -courtesy of Messrs. Vaughan and Bassler: The Ocala limestone appears to have been deposited almost contemporaneously with the Barnwell formation, with which it is interbedded in the transition area. The Tivola tongue, which extends for many miles into the area occupied by the Barnwell, lies beneath the larger mass of that formation, but in most places is underlain by thin sandy beds that are classed with the Barnwell.
LITHOLOGIC CHARACTER.
The Ocala limestone consists chiefly of soft white or cream-colored limestone that in places is composed almost entirely of the re:.. mains of Foraminifera and Bryozoa. The lower portion is more arenaceous and in places approaches sandstone in composition. In the transition area at the northeastern extremity of the formation the Ocala beoomes highly argillaceous and merges into the Twiggs clay member of the Barnwell formation.
On exposed surfaces at many localities the pores of the soft limestone have been filled up by infiltration of calcium carbonate, which has "case hardened" the outer layers of the rock into hard semicrystalline limestone. That processes of silicification have been active in certain regions is shown by large masses of white flint or silicified limestone that are strewn over the surface or embedded in residual sand, but such action has by no means been confined to the Ocala limestone, as it has attacked the Vicksburg and Chattahoochee limestones as well.
TmCXNESS.
Reliable data concerning the thickness of the Ocala limestone are lacking. In a well at Albany 4 the drill is believed to have entered the Claiborne at a depth of about 280 feet, and the total thickness of the Ocala in this vicinity probably does not greatly exceed 300 feet. At Bainbridge the drill penetrated 750 feet of limestone, but how much of this is of Jackson age is unknown. The Tivola tongue in few pla({es exceeds 40 feet in· thickness and is com-_ monly much thinner.
PALEONTOLOGIC CHARACTER.
The Ocala limestone contains a large and characteristic bryozoan fauna, of ' which about 90 species have been found in Georgia. 5 • Georgia Geol. Survey Bull. 26, pp. 317-318, 1911. 5 Canu, Ferdinand, and Bassler, R. 8., manuscript list.
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SHORTER CONTRIBUTIONS TO GENE~~AL GEOLOGY, 1918. tremity the Ocala is interbedded with or transitional to the Barnwell formation. Northeast of this line the low& portion of the formation, the Tivola tongue, extends into the Barnwell area through Houston, Twiggs, and Bleckley counties, and parts of Wilkinson and Crawford· counties. Throughout much of its areal extent the formation is conGealed from view by a thin cover of younger_ strata, ~ainly sands, but it is exposed along ~atercourses, and its presence in the inte:r_strea~ . areas is indicated by lime sinks and fli:p.t boulders.
PHYSIOGRAPmC EXPRESSION.
Foraminifera are exceedingly abund~nt and in places constitute a large part of the rock, but lists are not yet available. The orbitoid Foraminifera are abundant, being represented by several species of Orthophragmina, both smooth and stellately marked, and also by species of Lepidocyclina. Species of both genera · have been erroneously referred to Orbitoides mantelli, which is the type species <?f the genus Lepidocyclina and appears to be peculiar to · the horizon of the Vicksburg represented by the Marianna limestone. Operculina is common in the middle or lower part of the formation.
Echinodermata attained during Ocala time a The ready sohibility of the Ocala limestone greater development than during any other has assisted .in the degradation of its surface. part of the Tertiary period in the Atlantic and In the region lying between Flint and ChattaGulf Coastal Plain area. These forms appear ho?chee rivers -un<;lerground solution has 'been to be very much restricted in vertical range, e;tensii ve, and the plain is dotted with lime and it seems probable that more detailed work sinks and ponds, ranging from shallow saucerwill result in the discrimination of several zones shaped circular depressions to sinks of considerby means of them. Periarchus pileus-sinensis able size. The region is a flat low-lying plain, appears to be restricted -to the Tivola horizon; in marked contr~st to the high sandy plateau other species, which occur higher in the forma-upheld by the Alum Bluff formation east of tion, are Oidaris georgiana, Laganum? crustu-Flint River. Small surface streams are not loides, Schizaster jloridanus, Macropneustes abundant, ):m:· u~h of the drainage going through mortoni, Oassidulus (Rhynchopygus) depressus, subterranean channels.
Oassidulus (Pygorhynchus) conradi, Oassid'Uius
In the northeastern part of the_area occupied (Pygorhynchus) georgiensis, Eupatagus caroli-:-by the Ocala limestone, solution appears· to nensis, Oliogopygus haldermani, and Agassizia have played a part in the formation of topoconradi.
graphic forms subordinate to that of mechan-A rather extensive molluscan fauna is con-ical agencie. s. The harder limestone ledges tained in the Ocala limestone, but compara-have resisted erosion better than the clay detively few forms have been preserved well posits with which they are interbedded, with enough for determination. A noteworthy ex-the result that the limestone stands out in ception to this is found in the pectens, which steep slopes or bluffs. occur in great abundance and are beautifully STRUCTURE. preserved. Pecten perplanus, a typically Jack-
The Ocala limestone has not been studied in_ son species, is pres.ent, toge~h~;r with sev~ral sufficient detail to permit accurate determina-' closely relat~d. species or :arieties. Am~s~ur_n tion of its structure, and the scarcity of recog- pears to be inclined very gently seaward at
The Ocala limestone occurs at or near the surface over a broad belt ·lying chiefly in the drainage basins of Chattahoochee -and Flint rivers. (See geologic map, Pl. VII.) The belt crosses Chattahoochee River between Saffold and a point about 4 miles above the mouth of Flint River, an airline distance of nearly 30 miles; thence it extends northeastward to the Dooly-Houston county line, but at that exthe rate of probably 10 feet to the mile. Gentle flexures may exist, but none have been_ detected.
ECONOMIC GEOLOGY.
The greater part of the workable limestones. and marl deposits of the Coastal Plain of Georgia pertain to the Ocrua limestone. These havebeen treated in detail by Brantly. The differences between the interpretation of the stratigraphy of Georgia here offered and that of Veatch and Stephenson may be bri9fly summarized as follows:
The deposits of Claiborne age, which they mapped as extending uninterruptedly across the entire width of the State, have been restricted to two areas, one along Savannah River and McBean Creek and the other between Flint and Chattahoochee rivers. The deposits of Claiborn· e age in the east retain the name McBean formation, but those in the west are called undifferentiated Claiborne.
The Barnwell sand, which they regarded as of upper Claiborne age, is raised in the time scale and placed in the Jackson epoch with the name altered to Barnwell formation. The socalled "Congaree clay member of the McBean formation" is _ placed bodily in the Barnwell formation and, together with calcareous clays which were already correlated wit4 the Jackson formation, is renamed Twiggs clay member, the name Congaree being inappropriate because the clay is now known to be much younger than the typical Congaree shales Sloan. Those parts of their McBean formation left after the elimination of the undifferentiated Claiborne and the typical McBean formation are here included in the Barnwell formation.
The littoral facies of the Barnwell fauna bears an exceedingly close relationship to the littoral fauna of the Gosport sand of Alabama but is transitional between that fauna and typical Jackson faunas and contains enough distinctive species to justify the reference of it to the Jackson epoch. The discovery of evidence of an extensive transgression of the sea upon the old land surface at the beginning of Barnwell time corroborates the reference of the formation to the beginning of a new stage rather than to the closing period of an old.
The greater portion of the Vicksburg formation of Veatch and Stephenson is transferred to the Jackson epoc4, under the name Ocala limestone, and the Jackson formation of their usage is divided between the Ocala limestone and the Barnwell formation. In the bottom · of the gully at the second 1 Shell Bluif.-Shell Bluff, on Savannah River, locality were found a few fragments of fossil-163 miles from the mouth of the river, is one iferous chert that were probably derived from of the classic localities in the study of the geolthe red sand, bed 6 of the section. The rela-ogy of the Coastal Plain of Georgia and South tions of the upper bed to bed 5 are somewhat Carolina and has been described by many geolobscure, but it seems probable that there is an ogists during the last century. The 140 to 150 erosional unconformity between them. feet of beds exposed there have previously On the Waynesboro road, at the foot . of the been correlated with various formations ·from hill leading down to McBean Creek, a few frag-the Claiborne to the Vicksburg. In the report ments of shells were seen in yellow sand! on the geology of the Coastal Plain of Georgia apparently bed 3 of the preceding section. the whole series was referred to the Claiborne The shells are not disseminated throughout group, and the line of division between the Methe sand but are segregated into small patches· Bean formation and the Barnwell sand was of shell marl. ~his is probably the horizon placed at the top of the Ostrea georgiana zone. from which Sloan obtained the large collection However, Vaughan 1 says in that report: of fossils listed on pages 50-51. Silver Blu_(f. The strata classed as Lower Cretaceous were slightly fo~ded prior to the deposition of the overlying material, but there is no evidence elsewhere of any considerable disturbance of the beds. The beds above the unconformity are believed to lie at the same horizon or a little lower than the marl beds of Claiborne age at Shell Bluff, but aa they were deposited very near the shore line they contain no calcareous material. If the correlation of these beds is correct, the Cretaceous surface dips beneath the river level near the mouth of McBean Creek. horizon in the Barnwell formation at numerous localities in central Georgia.
The following generalized section at Shell Bluff is made up from the writers' notes and from sections previously published. 3 The Ostrea georgiana zone occurs only downstream from the boat landing, but the underlying beds are exposed in the steep part of the bluff above the landing. Fort Gaines.-A complete section of the Wilcox and Claiborne formations is exposed in a high bluff along the Georgia side of Chattahoochee River at Fort Gaines and in the slope~ from the terrace on which the town is built up to the level of the upland plain. The sections given below show the character of the Claiborne in this vicinity.
Section along road leading east from the Raymur Hotel, Fort
Gaines. The preceding section starts at an altitude of 225 feet above sea level, 15 feet below the level of the business section of Fort Gaines, which is on the second (upper) river terrace. The .following section is exposed in the bluff a quarter of a mile below the wagon bridge and has its top at the edge of the terrace, at an altitude of 215 feet above sea level.
Section of bluff at Fort Gaines.
[ A second unconformity is exposed 1 mile farther east, in the cut near the 120-mile post, at an altitude of 460 feet.
Section 2 miles west of Cuthbert, near 120-mile post, Central of Georgia Railway.
, Oligocene: Undifferentiated Vicksburg:
In this section the Claiborne beds occupy the : interval from 150 to 200 feet above sea level, and in the preceding section they extend from , 225 to 350 feet, indicating a total thickness of I 200 feet, only 25 feet of which is concealed. The top of the Claiborne has not been accurately located at this place, but-on the Edison road, half a mile southeast of Fort Gaines, the Claiborne is overlain unconformably by sand interbedded with purple and white mottled plastic clay at an altitude of 355 feet above sea level. The Claiborne strata are exceedingly variable in composition in the vicinity of Fort Gaines, and their lithologic appearance at the town is completely unlike that a mile away. This
Exposures between the two cuts show that the entire 50 feet of beds of the Claiborne consist of red sand, with only a few laminae of clay.
BARNWELL FORMATION.
BURKE COUNTY.
The Barnwell formation in Burke County consists of calcareous clay and shell marl overlain by red sand oontaining ledges of fossiliferous chert. The Ostrea georgiana zone, which is characteristically developed at Shell Bluff (see pp. [60] [61] and other localities on Savannah River, has been recognized also at several places in the interior. At Keys Mill, on Brushy Creek, in the northwest corner of Burke County, 3 miles northwest of St. Clair, a bed of Ostrea georgiana similar to that at Shell Bluff and apparently occurring at the same stratigraphic horizon is exposed in an excava .. tion near the mill dam. The section at this locality follows. Recent investigations indicate that the main chert beds at all the localities cited are probably at the same geologic horizon as those exposed 7 throughout Burke and Jefferson counties- • 64 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1918. and extends northwestward into Columbia County, where it overlaps· the Lower Cretaceous beds to the edge of the crystalline area. As fossils are very rare in all the formations of Richmond County, the mapping of the contacts must depend largely on lithology and topography.
A good section of the lower beds of the Barnwell formation is exposed near a spring on the north slope of Mount Enon, an isolated remnant of the original plain, near the Dean's Bridge road, 14 miles southwest of Augusta and about 3 miles northeast of Bath. The altitude of the top of the hill is about 400 feet.
At Bath about 25 feet of indurated fuller's earth is exposed in the slope above the spring and bath house on the Walker property, and the bed is seen at several other places in the vicinity, but at Hepzibah, 6 miles farther · east, the fuller's earth beds ·are absent. In the pit of the Albion Kaolin Co. the Cretaceous kaolin is overlain by 100 feet of red and yellow argillaceous sand without any conspicuous clay beds.
COLUMBIA COUNTY.
The only Eocene deposits of Columbia County are several lobes that extend into the southern part of the ·qounty near Grovetown, Forrest, and Harlem, but some of the exposures Grot,etown.-Fuller's earth exposed in the railroad cut at Grovetown station extends 4 feet above track level and is overlain unconformably by red sand. The large cut south of the st·ation shows 20 feet of cross-bedded red and white sand, overlying the fuller's earth. The altitude of the station is 495 feet above sea level, and the highest exposure of fuller's earth is at 500 feet.
Fuller's earth was formerly mined on the Fiske property, about a quarter of a mile ea~t of the station. When visited in 1916 the p1t was filled with water, but according to the sec-. tion given by Veatch and Stephenson 1 it penetrated 10 to 12 feet of fuller's earth, whioh lay immediately above white olay of Lower Cretaceous age. The earth was not a commercial success for bleaching, probably because it contains a considerable amount of pyrite, which readily becomes oxidized to iron sulphate and sulphurous acid after drying.
From this pit were obtained collections of fossil plants, which have been studied and described by Berry. 2 A well at Usry Bros.' gin, near Grovetown station, penetrated 12 feet of fuller's e~rth that is very massive and thick bedded and IS cut by several systems of widely spaced joints. It is dark gray when fresh and wet but becomes almost white on drying and weathering. It contains flakes of mica, small crystals of pyrite, and fragments of carbonized wood and · sten1s.
. Chapman lignite mine.-About 3 miles south of Grovetown a bed of lignite and lignitic clay occupies the horizon of the Twiggs clay. This material was formerly mined by W. C. Chapman for use as a fertilizer filler, but it was sufficiently carbonaceous to be used as fuel under the boiler at the grinding plant.
Section in ligni te pit 3 miles south of Grovetown.
Barnwell formation: The Twiggs clay member is thin but fairly persistent and appears in a line of exposures of fuller's earth across the northern part of the county. In general, the fuller's ear~h of this county contains less iron and is whiter than the deposits farther west. Some of it is soft and very light and porous, but farther east a larger proportion has become indurated into rather hard rock by the deposition of silica in the pores. Some of the silicified fuller's earth resembles the indurated Cretaceous kaolins found in the same area but n1ay be distinguished from them on analysis by its much higher ratio of silica to alumi.na. Southward from the northern border of the Barnwell formation the earth grades into calcareous clay, marl, and oyster-shell beds, which have few of the characteristics of a true full-er's earth. · The upper part of the Barnwell formation is made up of a considerable but unmeasured thickness of · red sand containing thin · beds of plastic clay, locally indurated layers of fossiliferous or barren sandstone and thin beds of fossiliferous flint residual from original lenses of impure limestone. · Louisville.-One of the best sections of the upper part of the Barnwell formation is ex-66 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1918. posed in a gully on the east slope of Rocky Comfort Creek, about 300 yards above the wagon bridge three-quarters of a mile west of Louisville.
Section three-quarters of a mile west of Louisville.
Barnwell formation: Feet. 8 As the red sand bed, No. 8, continues to tbe level of Louisville Court House (315 feet above sea level), the total thickness is 100 feet.
A bed of Ostrea georgiana shells in a matrix of calcareous clay resembling fuller's earth is exposed at low water in the south bank of Ogeechee River,• 200 yards upstream from Cowart's Bridge, 2.6 miles south of Louisville. The bed is entirely similar to those at Danville, Twiggs County, and at Shell Bluff. Its altitude is a few feet below the base of the section on Rocky Comfort Creek. At Warren's Mill, on Big Creek 3 miles eastnortheast of Louisville, a bed of rock containing Ostrea georgiana was excavated for use in building a dam. There are no natural exposures of the oyster bed, but above water level in the creek (altitude 245 feet above sea level) is exposed 3 . feet of blue caJcareous fuller's earth, which dries and weathers white. This grades upward, by interbedding, into yellow argillaceous sand containing laminae of fuller's earth and fragments of oyster shells.
. Wrens.-Fuller's earth is exposed at anumber of localities in the vicinity of Wrens and has been cut by many wells in and around the village. The earth is almost white, nonplastic, and noncalcareous and shows various degrees of induration. A section is e;xposed on the north slove of Brushy Creek, on the Louisville road 1 mile south of Wrens. As the base of this section is at an altitude of 330 feet, it can not be far above the top of the Cretaceous.
Limestone referred to the upper part of the Barnwell formation is exposed at the spring and lime sink at the head of Limestone Creek, 1 mile south of the courthouse at' Sandersville. The topographic relations of the exposures are well shown in the sketch map by Brantly. 1 The section is as follows: i about 1 mile north of the locahty on the Irwin property just described, are outcrops of a bed of white to dark-brown cherty sandstone containing small masses and veinlets of iridescent Several small isolated areas of beds of Jackson age extend into the southern part of Jones County, locally overlapping the Lower· Cretaceous deposits and resting upon the crystalline basement rocks.
Interesting exposures of fossiliferous beds , occur in the cuts of the Georgia Railroad, near Roberts, 9.4 miles by rail northeast of Macon. The best section is shown in the cut 1 mile northeast of the station, near the overhead crossing of the Central of Georgia Railway. The igneous rock does not appear in this cut but crops out in the next cut, a quarter of a mile farther northeast, where it is. overlain by red sand. The highest altitude reached by the crystalline rock in this cut is 590 feet; the base of bed 3 in the section is 595 feet above sea level. 1 Adapted from Veatch, Otto, and Stephenson, L. W ., op. cit., p. 280.
The amount of overlap of the Barnwell beds on the cry~talline rock at this point is not great, for in a cut less than a mile south of Roberts the red sand of Jackson age unconformably overlies gray micaceous kaolinic sand of the Cretaceous.
Bed 3 closely resembles the corresponding stratum (No. 3) in the section at Stevens Pottery, and the sections are similar in other respects.
The exposures near Roberts were first studied by Harris,Z who referred the strata to the upper Wilcox ("Lignitic"). Preliminary study of collections of fossils made by McCallie, Sloan, and Vaughan led Vaughan 3 to the conclusion that the beds are of lower Claiborne age. It appears, however, that the determinations of the most critical species were based on very imperfect material, and the correctness of some of them is open to question. The list of species as here revised contains a number of species in common with the lower tTackson fauna of Arkansas and bears a close, resemblance to that of the species occurring in the lower part of the Barnwell formation near Gibson. This opinion of the age is in accordance with the lithologic and structural evidence, which shows that these beds are of the same a:ge as the fuller's earth and bryozoanbearing limestone of Twiggs County. Therevised list of species follows:
Vicinity of Pikes Peak.-The Twiggr.; clay member of the Barnwell attains its greatest thickness in Twiggs County, where, at Pikes Peak, it is mined for use as fuller's earth. The member changes considerably In character from north to south within the county.t , The best exposures in the northern part are n the property of the General Reduction Co. near Pikes Peak, where there are two well-~:fined beds of fuller's earth in an interval of abo t 100 feet. The lower bed is about 45 feet thi k, the upper more than 20 feet, and the two ar!separated by a bed of greenish-yellow fossili erous sand which reaches a thickness of 30 feet. The earth in this vicinity is not calcareous, xcept near the. base, where it grades into lime~stone. Where leached and oxidized by surface water it has a pale-yellow to cream color and is extremely light and porous; but below th zone of oxidation it is usually dark gray and co tains organic matter and pyrite. Farther . outh, in the neighborhood of Danville and W e~tlake, for instance, the fuller's-earth bed befomes thinner as the underlying limestone tlckens and the clay becomes more and more calc eous. The calcareous clay is blue or gray wh n unoxidized, but becomes cream-colored or rellow at the sur.face. As it is much less pervio~ than the noncalcareous variety farther nort , the zone of oxidation in many parts of its o tcrop material is oxidized to depths of many feet. The irregularity of the upper surface of the filller's-earth bed indicates an unconformity between beds 5 and 6, and an unconformity at the same horizon is seen between the red sand and the fuller's earth in the railroad cut at Pikes Peak station. In the absence of paleontologic evidence it can not be certainly stated whether this unconformity is within the Barnwell or whether it separates the Barnwell formation from the Vicksburg formation.
On the property of J. D. Crump, which adjoins that of the General Reduction Co. on the northwest, and on the Lowe Wall property, 1 mile farther south, 12 feet of limestone containing Bryozoa (Rich Hill facies of Jackson fauna), Periarchus pileus-sinensis, and P ecten perplanus occurs at an altitude a little more than 100 feet lower than the top of the fuller's earth in the section just given (which is 585 feet above sea level). The limestone is under-. lain by t enacious yellow sand.
Gallemore.-A fossiliferous marl, consisting of fine quartz sand in a matrix of clay and calcium carbonate, is exposed in the bed of Turkey Creek (altitude, 380 feet above sea level) at Gallemore, or Willis, 4 miles northeast of Danville. That this marl is a shoal-water deposit of Jackson age is shown by the species in the following list:
The unconformity between beds 5 and 6 may be the same as that seen at Pikes Peak.
Turkey Oreek. An area underlain by t. he Barnwell formation extends into the southern part of Bibb County near•Dry Branch and includes the localitie~ at Browns Mountain and Bond's store which have already been described (pp. [47] [48] .
About 1! miles south of Bond's store, on the John Tharpe estate near the boundary between Twiggs and Bibb counties, the fuller's-earth beds become very prominent but the bryozoanbearing limestone and sandstone are absent. The section is well exposed in gullies above and ·below the level of the Macon-Marion road. The base of this section (altitude, about 300 feet above sea level) is about 10 feet higher than the top of the Tivola tongue of the Ocala limestone exposed in the escarpment of Shellstone Creek 1! miles northwest of the Deese residence and is stratigraphically above it.
HOUSTON COUNTY.
The deposits of Jackson age present considerable diversity in Houston County. The Ti-vola tongue of the Ocala limestone enters the county from the south, with a thickness estimated by Brantly 1 at 45 feet. Its outcrop forms a narrow belt across the south-central part of the county to Grovania, and the principal exposures are in the steep escarpments along the south side of Indian Creek and its tributaries. From Grovania the limestone North of Perry red sand extends &hove the Cretaceous-Eocene unconforn1~ty to a maximum thickness of 50 feet. This bed probably corresponds in stratigraphic position with the yellow unconsolidated sands underlying the Tivola tongue of the Ocala limestone but may belong to the Midway formation.
Sections at Ross Hill and Mossy Hill, near Perry, are discussed on pages 44-46. In the quarry of the Planters Limestone Co., near the crossing of the Georgia Southern & Florida Railway and the Perry-Fitzgerald branch of the Dixie Highway, 2 miles south of Tivola station, the following section is exposed: In a gully along the railroad siding near the occupies an area more than 10 miles wide quarry and probably not more than 5 feet between the railway and Ocmulgee River.
below the bottom of the pit, there is an expoThe Tivola tongue appears to be absent sure of 7 feet of medium-grained :rellow sand. ' north of Perry, but it has probably been re-The top of t~e Creta?eous can no~ he far below. moved from that area by erosion, for outliers 1 The follow~ng fossils were obtained from bed of the bed occur farther north at Rich Hill 1 of the sectiOn: '
Crawford County. The Tivola tongue of the Ocala limestone is overlain by the Twiggs clay member of the Barnwell formation, which in this county consists principally of calcareous cream-col-. ored clay resembling fuller's earth, forms the upper slopes of the Indian Creek escarpment and of other hills, and attains a thickness of about 100 feet.
'fhe calcareous beds of the preceding· . sectiofs are of undoubted Jackson age, and the Bryozoa of the Rich Hill facies of the Jackson faufa, as identified by R. S. Bassler, form . vai:uable . h~rizon markers.
The unconformity on the south side of the hiU is 25 feet lower than that on the north sid~, showing . an erosion depression in the Cr~taceous surface, and in this depression_ the sand and limestone beds representing . the Oc~la are much · thicker than over the old hil~tops . . The base of the .deposits 0f Jackson ag~ here is consider~bly higher than at any point in Houston or Twiggs counties, but the ex 1 ct altitude is not known. The altitude of the top of the hill is probably about 700 feet.
OCALA LIMESTONE.
AREA NORTH OF DOOLY COUNTY.
he local details of the Ocala limestone in the area north of Dooly County have been giv n in the preceding discussion of the Barnwe* formation and will not be repeated here. Strata of Jackson age first appear in the banks of Flint River about 3! miles above the crossing of the Seaboard Air Line Railway west of Cordele. From this point exposures occur at short intervals to Fort Scott, about 11 miles above the confluence of Flint and Chattahoochee rivers. As most of the exposures show little diversity, detailed discussion here will be restricted to those which have furnished the best collections of fossils or which are otherwise of interest.
The lithologic variation in the Ocala limestone, as displayed along Flint River, is slight. In the upper reaches of the river the rock which presumably constitutes the lower portio~ of the formation, is prevailingly finer grained and less harsh in texture than that farther south, where tests of Foraminifera and Bryozoa compose a large proportion of the limestone.
Above Albany. Vicinity of Bainbridge.-The Ocala limestone is the oldest formation in the vicinity of Bainbridge, and all its exposures appear to represent a single horizon. It is a soft, coarsely granular limestone varying in color from white to yellow and composed largely of tests of Foraminifera and Bryozoa, which on exposed surfaces have become firmly cemented or ' 'case-hardenedJ' into a brittle, semicrystalline' limestone, but which when freshly exposed are only slightly coherent. The rock appears to lie v.ery nearly horizontal, but the upper surface is exceedingly irregular and jagged, with pinnacles extending in places to 20 feet above water level. ·The irregularity is due in part to erosion prior to the deposition of the overlying materials and in part to subsequent solution. The Ocala is overlain unconformably by a complex series of red and variegated sands and carbonaceous clays containing chert fragments with impressions and siliceous pseudomorphs of mollusks and corals of lower Oligocene age. The Ocala itself appears to have been subjected to the silicifying agencies to a lesser extent, for chert fragments carrying Ocala fossils are only occasionally found. The accidental inclusion of some of these in the collections of the coralliferous chert has unfortunately been interpreted as a mingling of the Ocala and Chattahoochee faunas.
1
The following species have been identified from localities ne~r Bainbridge:
